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(54) Power transmission structure and two-shaft mixer/extruder

(57) The present invention is to provide a power
transmission structure for a two-shaft mixer/extruder (1t)
capable of accurately measuring torque imposed on a
screw shaft (4) and a two-shaft mixer/extruder. The pow-
er transmission structure (1) has an output shaft (3), the
screw shaft (4), a sleeve (6) and a spherical body (7).
The output shaft (3) is rotated by rotational force trans-
mitted by a motor (21). The sleeve (6) transmits the ro-

tational force of the output shaft (3) to the screw shaft
(4). The spherical body (7) is sandwiched between the
output shaft (3) and the screw shaft (4). The output shaft
(3) and the screw shaft (4) are splined to the sleeve (6).
A curved surface protruding toward an end of the output
shaft (3) and a curved surface protruding toward an end
of the screw shaft (4) are formed on the spherical body
(7).
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Description

BACKGROUND OF THE INVENTION

(FIELD OF THE INVENTION)

[0001] The present invention relates to a two-shaft mixer/extruder and a power transmission structure used for the
same.

(DESCRIPTION OF THE RELATED ART)

[0002] A description will be given to a structure of a conventional two-shaft extruder with using Figs. 13 and 14. In a
two-shaft mixer/extruder 901t, mechanical power generated by a motor 21 is transmitted to two output shafts 903 through
a transmission device 22. Rotational force of the output shafts 903 is transmitted to screw shafts 904 by sleeves 6
respectively. Screws 49 attached to the screw shafts 904 respectively are rotated so that a material supplied into an
extruder housing 5 is mixed and extruded by the two screws 49.
[0003] A plurality of convex splines 61b and a plurality of convex splines 61c are formed inside the sleeve 6. The
convex splines 61b are fitted into concave splines formed on the output shaft 903 respectively, and the convex splines
61c are fitted into concave splines formed on the screw shaft 904 respectively. By such a structure, the rotational force
of the output shafts 903 is transmitted to the sleeves 6 via the convex splines 61b, and the rotational force transmitted
to the sleeves 6 is transmitted to the screw shafts 904 via the convex splines 61c.
[0004] In such a two-shaft mixer/extruder, there are a case where a material to be mixed is not sufficiently melt and
a case where a material which is not easily mixed is used. In such a case, when the output shafts 903 are rotated, the
screws 49 act as resistance against rotation. Therefore, large torque (torsional moment) is imposed on the screw shafts
904. Consequently, there is a need for constantly measuring the torque to be applied on the screw shafts 904 so that
the torque larger than an allowable value is not imposed on the screw shafts 904.
[0005] A strain gauge 8 serving as a torque measurement sensor is attached onto a surface of the sleeve 6. A surface
shear strain on the sleeve 6 is measured by the strain gauge 8, and the torque of the screw shaft 904 is calculated from
a value of the surface shear strain. US Patent No. 5874682 discloses an example of such a device.
[0006] In the conventional device as described above, the output shaft 903 and the screw shaft 904 are splined to the
sleeve 6. Therefore, the screw shaft 904 can be moved along the axial direction relative to the sleeve 6. In the two-shaft
mixer/extruder 901t, in a case where the material to be mixed is not sufficiently melt or in a case where the material
which is not easily mixed is used, the screw shaft 904 receives large force (thrust force) at the time of mixing the material
so as to be sometimes moved toward the output shaft 903 along the axial direction. At the time, an end surface 903f of
the output shaft 903 is brought in contact with an end surface 904f of the screw shaft 904 (refer to a broken line part B
in Fig. 14). Here, the end surface 903f of the output shaft 903 and the end surface 904f of the screw shaft 904 are flat
surfaces.
[0007] Essentially, the torque to be measured by using the strain gauge 8 is a difference between the rotational force
(drive force) of the output shaft 903 and the rotational force of the screw 49. However, in a case where the end surface
903f of the output shaft 903 is brought in contact with the end surface 904f of the screw shaft 904, friction torque is
generated between the output shaft 903 and the screw shaft 904. Therefore, it is not possible to measure an accurate
value of the torque. That is, the problem is that an amount determined by subtracting loss due to the friction torque from
the essential torque is measured as the torque of the screw shaft.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a power transmission structure for a two-shaft mixer/extruder
capable of accurately measuring torque imposed on a screw shaft, and a two-shaft mixer/extruder.

(1) In order to solve the above problem, a power transmission structure according to the present invention comprises
an output shaft rotated by rotational force transmitted from a power source, a screw shaft attached with a screw for
mixing a material, a cylindrical sleeve for transmitting the rotational force of the output shaft to the screw shaft, the
cylindrical sleeve being attached to an outer circumference of an end of the output shaft and an outer circumference
of an end of the screw shaft, and an intermediate member sandwiched between the output shaft and the screw shaft
inside the sleeve. The output shaft and the screw shaft are splined to the sleeve, an axis line of the output shaft and
an axis line of the screw shaft are positioned on a same straight line, and a curved surface protruding toward the
end of the output shaft and a curved surface protruding toward the end of the screw shaft are formed on the
intermediate member.
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In this configuration, since a strain sensor is attached to the sleeve so as to measure a strain on the sleeve, it is
possible to measure the torque imposed on the screw shaft. The intermediate member is sandwiched between the
output shaft and the screw shaft inside the sleeve, and the curved surface protruding toward the end of the output
shaft and the curved surface protruding toward the end of the screw shaft are formed on the intermediate member.
A contact area between the intermediate member and the two shafts is small. Therefore, in comparison with a case
where a flat end surface of the output shaft is brought into contact with a flat end surface of the screw shaft, it is
possible to reduce friction torque generated between the output shaft and the screw shaft.
As mentioned above, since measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft.
It should be noted that splining means: concave splines are formed on one of (i) the output shaft and the screw shaft
and (ii) the sleeve along the axial direction, convex splines are formed on the other along the axial direction, and
the convex splines are fitted into the concave splines so as to fit (i) and (ii) into each other.
For example, a spherical body or an oval body may be utilized as the intermediate member. A material of the
intermediate member may be metal or synthetic resin. A material having strength for bearing a load to be actually
imposed and a small friction coefficient is desirable as the material of the intermediate member.
(2) In order to solve the above problem, a power transmission structure according to the present invention comprises
an output shaft rotated by rotational force transmitted from a power source, a screw shaft attached with a screw for
mixing a material, a cylindrical sleeve for transmitting the rotational force of the output shaft to the screw shaft, the
cylindrical sleeve being attached to an outer circumference of an end of the output shaft and an outer circumference
of an end of the screw shaft, and a bolt attached to the end of one of the output shaft and the screw shaft. The
output shaft and the screw shaft are splined to the sleeve, an axis line of the output shaft, an axis line of the screw
shaft and an axis line of the bolt are positioned on a same straight line, and a curved surface protruding toward the
end of the other of the output shaft and the screw shaft is formed on a head portion of the bolt.
In this configuration, since the strain sensor is attached to the sleeve so as to measure the strain on the sleeve, it
is possible to measure the torque imposed on the screw shaft. The bolt is attached to the end of one of the output
shaft and the screw shaft, and the curved surface protruding toward the end of the other of the output shaft and the
screw shaft is formed on the head portion of the bolt. A contact area between the head portion of the bolt, and the
output shaft or the screw shaft is small. Therefore, in comparison with a case where the flat end surface of the output
shaft is brought into contact with the flat end surface of the screw shaft, it is possible to reduce the friction torque
generated between the output shaft and the screw shaft.
As mentioned above, since the measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft.
It should be noted that a shape of the head portion of the bolt may be semi-spherical for example. A material of the
bolt may be metal or synthetic resin. A material having strength for bearing a load to be actually imposed and a
small friction coefficient is desirable as the material of the bolt. The bolt may be attached to the ends of both the
output shaft and the screw shaft.
The bolt is formed by a shaft portion and the head portion, and the shaft portion is inserted into a hole on the end
of the output shaft or the screw shaft. In the present invention, a screw thread may be formed or not formed on the
shaft portion. In a case where the screw thread is not formed on the shaft portion, the shaft portion is attached to
the output shaft or the screw shaft by press-fitting or adhering.
A surface shape of the head portion of the bolt is a curved surface at least on a part to be brought in contact with
the output shaft or the screw shaft. For example, a hexagonally columnar part to be used at the time of a fastening
work by using a spanner may be formed between the curved surface part and the shaft portion on the head portion
of the bolt.
(3) In order to solve the above problem, a power transmission structure according to the present invention comprises
an output shaft rotated by rotational force transmitted from a power source, a screw shaft attached with a screw for
mixing a material, and a cylindrical sleeve for transmitting the rotational force of the output shaft to the screw shaft,
the cylindrical sleeve being attached to an outer circumference of an end of the output shaft and an outer circum-
ference of an end of the screw shaft. The output shaft and the screw shaft are splined to the sleeve, an axis line of
the output shaft and an axis line of the screw shaft are positioned on a same straight line, and a curved surface is
formed on the end of one of the output shaft and the screw shaft, the curved surface protruding toward the end of
the other of the output shaft and the screw shaft.
In this configuration, since the strain sensor is attached to the sleeve so as to measure the strain on the sleeve, it
is possible to measure the torque imposed on the screw shaft. On the end of one of the output shaft and the screw
shaft, the curved surface protruding toward the end of the other is formed. A contact area between the output shaft
and the screw shaft is small. Therefore, in comparison with a case where the flat end surface of the output shaft is
brought into contact with the flat end surface of the screw shaft, it is possible to reduce the friction torque generated
between the output shaft and the screw shaft.
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As mentioned above, since the measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft.
It should be noted that a shape of the curved surface on the end of the output shaft or the screw shaft may be semi-
spherical for example. Curved surfaces protruding toward the other shafts may be formed on ends of both the output
shaft and the screw shaft.
The curved surface part on the end of the shaft (the output shaft or the screw shaft) may be formed integrally with
the shaft or a separate member attached to the shaft.
(4) In order to solve the above problem, a power transmission structure according to the present invention comprises
an output shaft rotated by rotational force transmitted from a power source, a screw shaft attached with a screw for
mixing a material, a cylindrical sleeve for transmitting the rotational force of the output shaft to the screw shaft, the
cylindrical sleeve being attached to an outer circumference of an end of the output shaft and an outer circumference
of an end of the screw shaft, and a plate shape member sandwiched between the output shaft and the screw shaft
inside the sleeve. The output shaft and the screw shaft are splined to the sleeve, an axis line of the output shaft and
an axis line of the screw shaft are positioned on a same straight line, and curved surfaces protruding toward the
plate shape member are formed on the end of the output shaft and the end of the screw shaft respectively.
In this configuration, since the strain sensor is attached to the sleeve so as to measure the strain on the sleeve, it
is possible to measure the torque imposed on the screw shaft. The plate shape member is sandwiched between
the output shaft and the screw shaft, and the curved surfaces protruding toward the plate shape member are formed
on the end of the output shaft and the end of the screw shaft respectively. A contact area between the plate shape
member, and the output shaft and the screw shaft is small. Therefore, in comparison with a case where the flat end
surface of the output shaft is brought into contact with the flat end surface of the screw shaft, it is possible to reduce
the friction torque generated between the output shaft and the screw shaft.
As mentioned above, since the measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft.
It should be noted that a shape of the curved surface on the end of the output shaft or the screw shaft may be semi-
spherical for example. A material of the plate shape member may be metal or synthetic resin. A material having
strength for bearing a load to be actually imposed and a small friction coefficient is desirable as the material of the
plate shape member. The plate shape member may be formed integrally with the sleeve or a member separated
from the sleeve.
The curved surface part on the end of the shaft (the output shaft or the screw shaft) may be formed integrally with
the shaft or a separate member attached to the shaft.
(5) A two-shaft mixer/extruder according to the present invention comprises two power transmission structures
according to any of (1) to (4), and a strain sensor is arranged on an outer circumference of the sleeve.
In this configuration, the measurement loss due to the friction torque is reduced, it is possible to accurately measure
the torque imposed on the screw shaft. It should be noted that a strain gauge or the like can be utilized as the strain
sensor.
As described in (1) to (5) above, in the present invention, the contact area between the members between the output
shaft and the screw shaft is desirably small. Therefore, (i) contact between a flat surface and a curved surface or
(ii) contact between a curved surface and a curved surface is desirably performed between the output shaft and the
screw shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

[Fig. 1] A schematic view showing an entire configuration of a two-shaft mixer/extruder according to a first embodiment
of the present invention.
[Fig. 2] A schematic sectional view of a power transmission structure.
[Fig. 3] A schematic sectional view of the power transmission structure.
[Fig. 4] A schematic view of an intermediate member: Fig. 4A is an enlarged sectional view of a spherical body and
a periphery according to the first embodiment; Fig. 4B is a side view of an intermediate member according to a first
modification; Fig. 4C is a side view of an intermediate member according to a second modification; and Fig. 4D is
a side view of an intermediate member according to a third modification.
[Fig. 5] A view showing a second embodiment: Fig. 5A is a side view of a power transmission structure; and Fig.
5B is a side view showing a modification of a bolt.
[Fig. 6] A side view showing a third embodiment.
[Fig. 7] A side view of a screw shaft according to a fourth embodiment: Fig. 7A shows a state after a first processing
process; and Fig. 7B shows a state after a second processing process.
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[Fig. 8] A schematic sectional view of a power transmission structure according to a fifth embodiment.
[Fig. 9] A supplementary illustrative view for calculation of working examples.
[Fig. 10] A graph showing a calculation result of a working example A1.
[Fig. 11] A graph showing a calculation result of a working example A2.
[Fig. 12] A graph showing a calculation result of a working example A3.
[Fig. 13] A schematic view showing an entire configuration of a conventional two-shaft mixer/extruder.
[Fig. 14] A schematic sectional view of a conventional power transmission structure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] Hereinafter, a description will be given to a first embodiment of the present invention with reference to the
drawings. Fig. 1 is a schematic view showing an entire configuration of a two-shaft mixer/extruder according to the first
embodiment of the present invention. Fig. 2 is a schematic sectional view of a power transmission structure. Fig. 3 is a
schematic sectional view of the power transmission structure. Fig. 4 is a schematic view of an intermediate member,
and Fig. 4A is an enlarged sectional view of a spherical body and a periphery according to the first embodiment. It should
be noted that Figs. 2 and 3 show a section of an Apart in Fig. 1.

(Entire Configuration)

[0011] Firstly, a description will be given to the entire configuration of a two-shaft mixer/extruder 1t with using Fig. 1.
The two-shaft mixer/extruder 1t has a motor 21, a power shaft 23b, a clutch 24, a power shaft 23c, a transmission device
(reducer) 22, two power transmission structures 1, two strain gauges 8, two screws 49 and an extruder housing 5. Each
of the power transmission structures 1 has an output shaft 3, a screw shaft 4, a sleeve 6 and a spherical body 7 (refer
to Fig. 2).
[0012] Power generated by the motor 21 is transmitted to the transmission device 22 by the power shaft 23b, the
clutch 24 and the power shaft 23c. The mechanical power transmitted to the transmission device 22 is transmitted to
the two output shafts 3. Rotational force of each of the output shaft 3 is transmitted to the screw shaft 4 by the sleeve
6. The screws 49 attached to the screw shafts 4 respectively are rotated, and a material (not shown) supplied into the
extruder housing 5 is mixed and extruded in a predetermined shape by the two screws 49. The two screws 49 are a
meshing type, and the rotational directions of the two screws 49 are the same direction. It should be noted that the
screws may be a non-meshing type, and the rotational directions of the two screws may be different directions.
[0013] One strain gauge 8 is attached to a surface of each of the sleeve 6. An amplifier and a transmitting antenna
(not shown) are attached to each of the sleeve 6. The strain gauge 8 is electrically connected to the amplifier and the
transmitting antenna. The transmitting antenna receives electrical signal sent from the strain gauge 8 and transmits this
signal as electromagnetic wave. A receiving antenna (not shown) is installed in the vicinity of the sleeve 6, and the
receiving antenna receives the electromagnetic wave transmitted from the transmitting antenna. The signal is sent to a
computer (not shown).

(Power Transmission Structure)

[0014] A description will be given to a structure of the power transmission structure 1 with using Figs. 2 and 3. It should
be noted that not the sectional view but the side view of the output shaft 3, the screw shaft 4 and the spherical body 7
is shown in Fig. 2. And the sectional view of all the members except the spherical body 7 is shown in Fig. 3.
[0015] As mentioned above, the two-shaft mixer/extruder 1t includes the two power transmission structures 1. Since
the two power transmission structures 1 are configured in a similar way, hereinafter, a description will be given to one
of the power transmission structures 1 and a description of the other will be omitted.
[0016] The power transmission structure 1 has the output shaft 3, the screw shaft 4, the sleeve 6 and the spherical
body (an intermediate member) 7. All are made of metal.
[0017] An axis line of the output shaft 3 and an axis line of the screw shaft 4 are positioned on the same straight line.
That is, the output shaft 3 and the screw shaft 4 are arranged along the axial direction (refer to the arrow E direction in
Fig. 2). Hereinafter, with reference to the axial direction E, the side of the screw shaft 4 is referred to as the E1 side,
and the side of the output shaft 3 is referred to as the E2 side (refer to Fig. 2).
[0018] The output shaft 3 is rotated by the rotational force transmitted from the motor (a power source) 21. The screw
49 for mixing the material is attached on the E1 side of the screw shaft 4.
[0019] A recess portion 32 is formed on an end on the E1 side of the output shaft 3. The recess portion 32 is dented
toward the E2 side along the axial direction E. A surface of the recess portion 32 is formed in a semi-spherical shape
as a part of a spherical surface having a radius Ra (refer to Fig. 4A). In Fig. 4A, a center of the spherical surface including
the surface of the recess portion 32 is shown as a point C.



EP 2 179 834 A2

6

5

10

15

20

25

30

35

40

45

50

55

[0020] A recess portion 42 is formed on an end on the E2 side of the screw shaft 4. The recess portion 42 is dented
toward the E1 side along the axial direction E. A surface of the recess portion 42 is formed in a semi-spherical shape
as a part of the spherical surface having the radius Ra as well as the recess portion 32.
[0021] The sleeve 6 is formed in a cylindrical shape and attached to an outer circumference of the end of the output
shaft 3 and an outer circumference of the end of the screw shaft 4. The output shaft 3 and the screw shaft 4 are coupled
to each other by the sleeve 6. As described later, the rotational force of the output shaft 3 is transmitted to the screw
shaft 4 by the sleeve 6.
[0022] A curved surface 7s formed toward the end of the output shaft 3 and a curved surface 7t protruding toward the
end of the screw shaft 4 are formed on the spherical body (the intermediate member) 7 (refer to Fig. 4A). The curved
surface 7s protrudes to the E2 side along the axial direction E, and the curved surface 7t protrudes to the E1 side along
the axial direction E.
[0023] The spherical body 7 is arranged inside the sleeve 6. The spherical body 7 is sandwiched between the output
shaft 3 and the screw shaft 4. Specifically, the spherical body 7 is fitted into both the recess portion 32 and the recess
portion 42 in the power transmission structure 1.
[0024] A radius of the spherical body 7 is R (refer to Fig. 4A). The radius R of the spherical body 7 is smaller than the
radius Ra. Therefore, when the spherical body 7 is sandwiched by the output shaft 3 and the screw shaft 4, a part of
the spherical body 7 brought into contact with the output shaft 3 and the screw shaft 4 is a part shown by two points 7p
in Fig. 4A. That is, the output shaft 3 and the screw shaft 4 are brought into contact with the spherical body 7 at the two
points 7p. Therefore, an area where the curved surface 7s is brought in contact with a surface of the recess portion 32
and an area where the curved surface 7t is brought in contact with a surface of the recess portion 42 are smaller than
an area where an end surface 903f is brought in contact with an end surface 904f.
[0025] The spherical body 7 cannot be moved in all the directions when the spherical body 7 is sandwiched between
the output shaft 3 and the screw shaft 4.
[0026] It should be noted that in the power transmission structure 1 according to the present embodiment, since the
surfaces of the recess portion 32 and the recess portion 42 are formed as a part of the spherical surface, the spherical
body 7 cannot be moved in all the directions. However, a shape of the recess portions is not limited to this but the
spherical body 7 may be moved only in the width direction W (the direction perpendicular to both the axial direction E
and the up and down direction V; refer to Fig. 4A). That is, the surfaces of the recess portions may be formed as a part
of a side surface of a column whose axial direction is along the width direction G. Alternatively, the recess portion 32
and the recess portion 42 may be not formed, and the ends of the output shaft and the screw shaft may be flat surfaces.
[0027] As shown in Fig. 3, a plurality of concave splines 30b is formed on the output shaft 3 along the axial direction
E. A plurality of concave splines 40b is formed on the screw shaft 4 along the axial direction E. A plurality of convex
splines 61b and a plurality of convex splines 61c are formed inside the sleeve 6 along the axial direction E.
[0028] The output shaft 3 and the screw shaft 4 are splined to the sleeve 6. That is, the convex splines 61b are fitted
into the concave splines 30b formed on the output shaft 3 respectively, and the convex splines 61c are fitted into the
concave splines 40b formed on the screw shaft 4 respectively (refer to Fig. 3).
[0029] Since the output shaft 3 and the screw shaft 4 are splined to the sleeve 6 in such a way, the rotational force of
the output shaft 3 is transmitted to the sleeve 6 via the convex splines 61b, and the rotational force transmitted to the
sleeve 6 is transmitted to the screw shaft 4 via the convex splines 61c.
[0030] A region where no convex splines are formed inside (an axial directional area) is formed inside an end of the
sleeve 6 (an end on the E2 side) (refer to a J region in Fig. 2). The J region is not easily strained as not easily influenced
by the torque. The amplifier and the transmitting antenna are arranged in this J region.
[0031] A circumferential groove 62 is formed on the sleeve 6 along the circumferential direction of the output shaft 3
and the screw shaft 4. One strain gauge 8 serving as a torque measurement sensor is attached to a surface of the
circumferential groove 62. Surface shear strain of the sleeve 6 is measured by the strain gauge 8. The torque imposed
on the screw shaft 4 is calculated on the computer by using a measurement value of the surface shear strain.
[0032] In such a two-shaft mixer/extruder, since installation space for the strain gauge is generally small, it is difficult
to directly attach the sensor to the screw shaft 4. Therefore, in the two-shaft mixer/extruder 1t, the strain gauge 8 is
attached to the surface of the sleeve 6.
[0033] When the strain gauge 8 is directly attached to the screw shaft 4, there is a need for an attachment work of
measurement devices including the amplifier and the transmitting antenna at the time of assembling the extruder.
Therefore, the assembling work is complicated.
[0034] Meanwhile, in the present configuration, the amplifier, the transmitting antenna and the strain gauge 8 are
attached to the sleeve 6. Therefore, it is possible to commercialize the sleeve integral with the measurement devices
so as to simplify the assembling work of the two-shaft mixer/extruder 1t.
[0035] The output shaft 3 and the screw shaft 4 are splined to the sleeve 6. Therefore, the screw shaft 4 can be moved
along the axial direction E relative to the sleeve 6. In the two-shaft mixer/extruder 1t, the screw shaft 4 receives large
force (thrust force) at the time of mixing the material so as to be sometimes moved toward the E2 side along the axial
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direction E. Even in this case, the output shaft 3 and the screw shaft 4 are brought in contact with the spherical body 7
at the two points 7p. Therefore, friction torque generated between the output shaft 3 and the screw shaft 4 is smaller
than a case where the end surface 903f is brought in contact with the end surface 904f.

(Effect)

[0036] Next, a description will be given to an effect obtained by the power transmission structure 1 and the two-shaft
mixer/extruder 1t according to the present embodiment. The power transmission structure 1 is provided with the output
shaft 3 rotated by the rotational force transmitted from the motor (the power source) 21, the screw shaft 4 attached with
the screw 49 for mixing the material, the cylindrical sleeve 6 for transmitting the rotational force of the output shaft 3 to
the screw shaft 4, the cylindrical sleeve 6 being attached to the outer circumference of the end of the output shaft 3 and
the outer circumference of the end of the screw shaft 4, and the spherical body (the intermediate member) 7 sandwiched
between the output shaft 3 and the screw shaft 4 inside the sleeve 6. The output shaft 3 and the screw shaft 4 are splined
to the sleeve 6, the axis line of the output shaft 3 and the axis line of the screw shaft 4 are positioned on the same straight
line, and the curved surface 7s protruding toward the end of the output shaft 3 and the curved surface 7t protruding
toward the end of the screw shaft 4 are formed on the spherical body 7.
[0037] In this configuration, since the strain gauge 8 is attached to the sleeve 6 so as to measure the strain on the
sleeve 6, it is possible to measure the torque imposed on the screw shaft 4. The spherical body 7 is sandwiched between
the output shaft 3 and the screw shaft 4 inside the sleeve 6, and the curved surface 7s protruding toward the end of the
output shaft 3 and the curved surface 7t protruding toward the end of the screw shaft 4 are formed on the spherical body
7. A contact area between the spherical body 7 and the two shafts (the output shaft 3 and the screw shaft 4) is small.
Therefore, in comparison with a case where a flat end surface of an output shaft 903 (the end surface 903f) is brought
into contact with a flat end surface of a screw shaft 904 (the end surface 904f), it is possible to reduce the friction torque
generated between the output shaft 3 and the screw shaft 4.
[0038] As mentioned above, since measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft 4.
[0039] The two-shaft mixer/extruder 1t is provided with the two power transmission structures 1, and the strain gauge
8 is arranged on an outer circumference of each of the sleeves 6.
[0040] In this configuration, the measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft 4.
[0041] In the present embodiment, measurement accuracy of the torque imposed on the screw shaft 4 can be enhanced
by applying a simple design change to the shafts used in the conventional power transmission structure (the output shaft
903 and the screw shaft 904). Thereby, it is possible to more surely prevent breakage of the two-shaft mixer/extruder.

(Modifications)

[0042] Next, a description will be given to modifications of the first embodiment, mainly to parts different from the
above embodiment. Fig. 4 is the schematic view of the intermediate member: Fig. 4B is a side view of an intermediate
member according to a first modification; Fig. 4C is a side view of an intermediate member according to a second
modification; and Fig. 4D is a side view of an intermediate member according to a third modification.
[0043] An intermediate member 107 according to the first modification is an oval body (refer to Fig. 4B). The long axis
direction of the intermediate member 107 is equal to the up and down direction V in a side view. A curved surface 107s
and a curved surface 107t are formed on the E2 side and the E1 side of the intermediate member 107 respectively. The
curved surface 107s and the curved surface 107t protrude along the axial direction E. The intermediate member may
be formed as above.
[0044] An intermediate member 207 according to the second modification is also an oval body (refer to Fig. 4C). The
short axis direction of the intermediate member 207 is equal to the up and down direction V in a side view. A curved
surface 207s and a curved surface 207t are formed on the E2 side and the E1 side of the intermediate member 207
respectively. The curved surface 207s and the curved surface 207t protrude along the axial direction E. The intermediate
member may be formed as above.
[0045] An intermediate member 307 according to the third modification is a columnar body. A curved surface 307s
protruding toward the end of the output shaft 3 and a curved surface 307t protruding toward the end of the screw shaft
4 are formed on both the ends on the E2 side and the E1 side of the intermediate member 307 respectively. The curved
surface 307s and the curved surface 307t protrude along the axial direction E. The intermediate member may be formed
as above.
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(Second Embodiment)

[0046] Next, a description will be given to a second embodiment of the present invention, mainly to parts different
from the first embodiment. It should be noted that the same parts as the above embodiment will be given the same
reference numerals in the drawings and a description of the parts will be omitted. Fig. 5 is a drawing showing the second
embodiment: Fig. 5A is a side view of a power transmission structure; and Fig. 5B is a side view showing a modification
of a bolt. It should be noted that the sleeve 6 is omitted in Fig. 5A.
[0047] In the power transmission structure according the present embodiment, a bolt 407 is provided instead of the
spherical body 7. The bolt 407 is formed by a head portion 407b and a shaft portion 407t, and a screw thread is formed
on the shaft portion 407t.
[0048] A flat end surface 403f is formed on an end of an output shaft 403. A screw hole 404h is formed on an end of
a screw shaft 404. The shaft portion 407t is fitted into the screw hole 404h. That is, the bolt 407 is attached to the end
of the screw shaft 404.
[0049] In the power transmission structure, an axis line of the output shaft 403, an axis line of the screw shaft 404 and
an axis line of the bolt 407 are positioned on the same straight line. That is, the bolt 407 is attached to the screw shaft
404 so that the shaft portion 407t is placed along the axial direction E. The head portion 407b is formed in a semi-
spherical shape, and a curved surface 407s protruding toward the end surface 403f of the output shaft 403 is formed
on the head portion 407b. The curved surface 407s protrudes along the axial direction E. The output shaft 403 is brought
in contact with the bolt 407 at a point 407p.

(Effect)

[0050] The power transmission structure according to the present embodiment is provided with the output shaft 403
rotated by the rotational force transmitted from the motor 21, the screw shaft 404 attached with the screw for mixing the
material, the cylindrical sleeve 6 for transmitting the rotational force of the output shaft 403 to the screw shaft 404, the
cylindrical sleeve 6 being attached to an outer circumference of the end of the output shaft 403 and an outer circumference
of the end of the screw shaft 404, and the bolt 407 attached to the end of the screw shaft 404. The output shaft 403 and
the screw shaft 404 are splined to the sleeve 6, the axis line of the output shaft 403, the axis line of the screw shaft 404
and the axis line of the bolt 407 are positioned on the same straight line, and the curved surface 407s protruding toward
the end of the output shaft 403 (the end surface 403f) is formed on the head portion 407b of the bolt 407.
[0051] In this configuration, since the strain gauge 8 is attached to the sleeve 6 so as to measure the strain on the
sleeve 6, it is possible to measure the torque imposed on the screw shaft 404. The bolt 407 is attached to the end of
the screw shaft 404, and the curved surface 407s protruding toward the end of the output shaft 403 is formed on the
head portion 407b of the bolt 407. A contact area between the head portion 407b of the bolt 407 and the output shaft
403 is small. Therefore, in comparison with a case where the flat end surface of the output shaft is brought into contact
with the flat end surface of the screw shaft, it is possible to reduce the friction torque generated between the output shaft
403 and the screw shaft 404.
[0052] As mentioned above, since the measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft 404.
[0053] In the present embodiment, the intermediate member such as the spherical body 7 is not required. Therefore,
there is no need for forming the recess portion 32 and the recess portion 42 on the output shaft and the screw shaft. In
comparison with formation of the recess portion 32 and the recess portion 42, the screw hole 404h is easily formed.
Therefore, it is possible to further reduce processing cost and shorten a processing time in comparison with the first
embodiment.
[0054] In the first embodiment, there is a need for positioning the spherical body 7 between the output shaft 3 and the
screw shaft 4 at the time of assembling the power transmission structure 1. In the present embodiment, since the bolt
407 is preliminarily attached to the screw shaft 404, the power transmission structure can be easily assembled.
[0055] It should be noted that the bolt may be attached to the output shaft or the ends of both the output shaft and the
screw shaft.
[0056] The bolt may be formed as a bolt 407R shown in Fig. 5B. The bolt 407R has a head portion 407B and the shaft
portion 407t, and a screw thread is formed on the shaft portion 407t. The head portion 407B includes a front end part
in which the curved surface 407s is formed and a hexagonally columnar part 407v. The hexagonally columnar part 407v
is formed on the E1 side of the front end part (on the side of the shaft portion 407t). The curved surface 407s protrudes
toward the end surface 403f of the output shaft 403 along the axial direction E. A spanner surface for a fastening work
by using a spanner is formed on a periphery of the hexagonally columnar part 407v.
[0057] For example, when a hexagonal hole (a hexagonal hole to be used at the time of the fastening work by using
a hexagonal spanner) is formed on the head portion of the bolt, a sharp edge part is created so that the contact area
between the output shaft 403 and the bolt is extremely reduced. Therefore, the friction torque generated between the
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output shaft 403 and the screw shaft 404 is excessively increased.
[0058] Meanwhile, in the present embodiment (and the modification), a surface shape of the head portion of the bolt
407 and the bolt 407R is a curved surface at least in a part to be brought in contact with the output shaft 403. Therefore,
the friction torque generated between the output shaft 403 and the screw shaft 404 is relatively small.

(Third Embodiment)

[0059] Next, a description will be given to a third embodiment of the present invention, mainly to parts different from
the first embodiment. Fig. 6 is a side view showing the third embodiment. It should be noted that the sleeve 6 is omitted
in Fig. 6.
[0060] In the power transmission structure according to the present embodiment, an intermediate body (the interme-
diate member or the bolt) is not arranged between an output shaft 503 and a screw shaft 504. A flat end surface 503f
is formed on an end of the output shaft 503. A curved surface 507s protruding toward the end surface 503f of the output
shaft 503 is formed on an end of the screw shaft 504. The curved surface 507s protrudes along the axial direction E.
The curved surface 507s is formed in a semi-spherical shape.

(Effect)

[0061] The power transmission structure according to the present embodiment is provided with the output shaft 503
rotated by the rotational force transmitted from the motor 21, the screw shaft 504 attached with the screw for mixing the
material, and the cylindrical sleeve 6 for transmitting the rotational force of the output shaft 503 to the screw shaft 504,
the cylindrical sleeve 6 being attached to an outer circumference of the end of the output shaft 503 and an outer
circumference of the end of the screw shaft 504. The output shaft 503 and the screw shaft 504 are splined to the sleeve
6, an axis line of the output shaft 503 and an axis line of the screw shaft 504 are positioned on the same straight line,
and the curved surface 507s protruding toward the end of the output shaft 503 (the end surface 503f) is formed on the
end of the screw shaft 504.
[0062] In this configuration, since the strain gauge 8 is attached to the sleeve 6 so as to measure the strain on the
sleeve 6, it is possible to measure the torque imposed on the screw shaft 504. The curved surface 507s protruding
toward the end of the output shaft 503 is formed on the end of the screw shaft 504. A contact area between the output
shaft 503 and the screw shaft 504 is small. Therefore, in comparison with a case where the flat end surface of the output
shaft is brought into contact with the flat end surface of the screw shaft, it is possible to reduce the friction torque generated
between the output shaft 503 and the screw shaft 504.
[0063] As mentioned above, since the measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft 504.
[0064] In the present embodiment, the intermediate body is not used. Therefore, even in a case where the conventional
power transmission structure is processed and used, there is no need for determining shaft length in consideration of
length of the intermediate body.
[0065] It should be noted that the curved surface may be formed on the output shaft. The curved surfaces protruding
toward the other shaft may be formed on the ends of both the output shaft and the screw shaft.

(Fourth Embodiment)

[0066] Next, a description will be given to a fourth embodiment of the present invention, mainly to parts different from
the first embodiment. Fig. 7 is a side view of a screw shaft according to the fourth embodiment: Fig. 7A shows a state
after a first processing process; and Fig. 7B shows a state after a second processing process. It should be noted that
the sleeve 6 is omitted in Fig. 7.
[0067] The power transmission structure according to the present embodiment is configured in the similar way as the
third embodiment. However, a shape of an end of a screw shaft 604 is different from a shape of the end of the screw
shaft 504. In the present embodiment, too, the intermediate body is not arranged between the output shaft and the screw
shaft 604. A flat end surface is formed on the end of the output shaft. A side surface 604q and a curved surface 607s
are formed on the end of the screw shaft 604. The curved surface 607s protrudes toward the end surface of the output
shaft along the axial direction E.
[0068] A description will be given to a formation method of the end of the screw shaft 604. Firstly, the end of the shaft
before processing is chamfered over the entire periphery (the first processing process). Thereby, a screw shaft 604p is
formed (refer to Fig. 7A). The side surface 604q is formed on an end of the screw shaft 604p. The side surface 604q is
formed along a conical surface.
[0069] Next, a front end of the screw shaft 604p is processed so as to form a spherical surface, with the result that
the curved surface 607s is formed on the front end of the screw shaft 604p (refer to Fig. 7B). In the power transmission
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structure, the screw shaft may be formed as above.

(Fifth Embodiment)

[0070] Next, a description will be given to a fifth embodiment of the present invention, mainly to parts different from
the first embodiment. It should be noted that the same parts as the above embodiment will be given the same reference
numerals in the drawings and a description of the parts will be omitted. Fig. 8 is a schematic sectional view of a power
transmission structure according to the fifth embodiment.
[0071] In a power transmission structure 701 according to the present embodiment, a plate shape member 707 is
provided inside the sleeve 6, and the plate shape member 707 is sandwiched between an output shaft 703 and a screw
shaft 704.
[0072] A curved surface 703s protruding toward the plate shape member 707 is formed on an end of the output shaft
703. A curved surface 704t protruding toward the plate shape member 707 is formed on an end of the screw shaft 704.
The curved surface 703s and the curved surface 704t protrude along the axial direction E. The curved surface 703s and
the curved surface 704t are formed in a semi-spherical shape.

(Effect)

[0073] The power transmission structure according to the present embodiment is provided with the output shaft 703
rotated by the rotational force transmitted from the motor 21, the screw shaft 704 attached with the screw for mixing the
material, the cylindrical sleeve 6 for transmitting the rotational force of the output shaft 703 to the screw shaft 704, the
cylindrical sleeve 6 being attached to an outer circumference of the end of the output shaft 703 and an outer circumference
of the end of the screw shaft 704, and the plate shape member 707 sandwiched between the output shaft 703 and the
screw shaft 704 inside the sleeve 6. The output shaft 703 and the screw shaft 704 are splined to the sleeve 6, an axis
line of the output shaft 703 and an axis line of the screw shaft 704 are positioned on the same straight line, and the
curved surface 703s and the curved surface 704s protruding toward the plate shape member 707 are formed on the
end of the output shaft 703 and the end of the screw shaft 704 respectively.
[0074] In this configuration, since the strain gauge 8 is attached to the sleeve 6 so as to measure the strain on the
sleeve 6, it is possible to measure the torque imposed on the screw shaft 704. The plate shape member 707 is sandwiched
between the output shaft 703 and the screw shaft 704, and the curved surface 703s and the curved surface 704t protruding
toward the plate shape member 707 are formed on the end of the output shaft 703 and the end of the screw shaft 704
respectively. A contact area between the plate shape member 707, and the output shaft 703 or the screw shaft 704 is
small. Therefore, in comparison with a case where the flat end surface of the output shaft is brought into contact with
the flat end surface of the screw shaft, it is possible to reduce the friction torque generated between the output shaft
703 and the screw shaft 704.
[0075] As mentioned above, since the measurement loss due to the friction torque is reduced, it is possible to accurately
measure the torque imposed on the screw shaft 704. It should be noted that the plate shape member may be formed
integrally with the sleeve.

(Working Examples)

[0076] Next, a description will be given to working examples of the power transmission structure according to the
present invention. Here, a power transmission structure for a conventional two-shaft mixer/extruder 901t is taken as a
comparative example, and calculation results for degrees of the friction torque generated between the output shaft and
the screw shaft in the power transmission structure of the present invention will be shown. Alternatively, here, calculation
results for the power transmission structures according to the first and second embodiments of the present invention
will be shown.
[0077] An effect of reducing the friction torque in the power transmission structure of the present invention can be
calculated as mentioned below based on the Hertz contact theory with using the contact area between the output shaft
and the screw shaft, a load imposed on the screw shaft (the thrust force) and a rotation radius around the axis line.
[0078] It should be noted that in the following calculation, a "contact surface between the output shaft and the screw
shaft" indicates: the end surface 903f and the end surface 904f for the conventional power transmission structure; and
(i) a contact part (the point 7p) between the spherical body and the screw shaft (or between the spherical body and the
output shaft) or (ii) a contact part (the point 407p) between the output shaft and the bolt for the power transmission
structure of the present invention.
[0079] Fig. 9 is a supplementary illustrative view for the calculation of the working examples. A circle having a radius
a in Fig. 9A indicates the contact surface between the output shaft and the screw shaft. A center of the circle corresponds
to a rotational center of the shaft. Pressure P imposed on a minute region T in the contact surface is represented by the
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following expression based on an axial load (a thrust load) F [N] at the time of operation and a contact area πa2. 

[0080] In a case where the entire surfaces are brought in contact, P is a fixed value irrespective of a position of the
minute region.
[0081] Here, the friction torque serving as resistance against the rotation force of the shaft in the minute region is
considered to be proportional to the product of the axial load F [N] and a radius r [mm] (the torque). In this case, entire
friction torque TP [N·mm] is represented by the following expression. This is the friction torque for the comparative example. 

P: Friction coefficient
[0082] In a case of contact at the point in a state that the pressure is distributed over the spherical surface, entire
friction torque TC [N·mm] is represented by the following expression based on the same point of view as above. This is
the friction torque for the power transmission structure of the present invention. 

Pmax: Maximum pressure [Pa]

(Calculation Conditions)

[0083] Hereinafter, calculation conditions of power transmission structures A1, A2 and A3 according to the present
invention will be listed in addition to calculation conditions of power transmission structures P1 and P2 according to the
comparative example. A1 and A2 correspond to the power transmission structure 1 according to the first embodiment
of the present invention, and A3 corresponds to the power transmission structure according to the second embodiment.
P1 is the comparative example for A1 and A3, and P2 is the comparative example for A2. It should be noted that the
"shaft" means the output shaft and the screw shaft. A "predicted thrust load" means a load predicted to be actually
generated. The "thrust load" serving as the calculation condition is set to be a value around this predicted thrust load.

A1: First Embodiment

Shaft radius: 12 [mm]
Radius R of spherical body: 9 [mm]
Radius Ra of recess portion of shaft end: R � 1.025 = 9.225 [mm]
Thrust load: 47000 [N]
(Predicted thrust load: 47033 [N])

A2: First Embodiment

Shaft radius: 20 [mm]
Radius R of spherical body: 19 [mm]
Radius Ra of recess portion of shaft end: R � 1.025 = 19.475 [mm]
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Thrust load: 461000 [N]
(Predicted thrust load: 461233 [N])

A3: Second Embodiment

Shaft radius: 12 [mm]
Radius R of bolt head portion: 100 [mm]
Thrust load: 47000 [N]
(Predicted thrust load: 47033 [N])

P1: Comparative Example (conventional power transmission structure)

Shaft radius: 12 [mm]

P2: Comparative Example (conventional power transmission structure)

Shaft radius: 20 [mm]

(Calculation Results)

[0084] Results from the calculation by using the above expressions under the calculation conditions will be shown in
the following and Figs. 10 to 12. Fig. 10 is a graph showing the calculation result of the working example A1. Fig. 11 is
a graph showing the calculation result of the working example A2. Fig. 12 is a graph showing the calculation result of
the working example A3. It should be noted that a value of M on the vertical axis in Figs. 10 to 12 indicates a value of
the friction torque Tc of Expression (3) (or the friction torque TP of Expression (2)) in a case where P = 1. Therefore,
when the value of M is converted into the friction torque Tc (or the friction torque TP), there is a need for multiplying the
value of M by the friction coefficient P. In Figs. 10 to 12, an area of a region surrounded by a curved line and the x axis
is the total value of M [N·mm] respectively.

A1: First Embodiment

Elastic displacement amount (δ): 0.057 [mm]
Radius of contact surface (Ra): 4.593 [mm]
Maximum pressure (Pmax): 905.2 [MPa]
MA1 [M value]: 134188 [N·mm]
MA1/MP1 = about 36 [%]

A2: First Embodiment

Elastic displacement amount (δ): 0.225 [mm]
Radius of contact surface (Ra): 13.242 [mm]
Maximum pressure (Pmax): 1236.2 [MPa]
MA2 [M value]: 3614299 [N·mm]
MA2/MP2= about 59 [%]

A3: Second Embodiment

Radius of contact surface (Ra): 3.137 [mm]
Maximum pressure (Pmax): 2281 [MPa]
MA3 [M value]: 86838 [N·mm]
MA3/MP1 = about 23 [%]

P1: Comparative Example

MP1 (M value): 376047 [N·mm]

P2: Comparative Example
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MP2 (M value): 6147128 [N·mm]

[0085] As mentioned above, an about 36% and an about 59% reduction in the friction torque can be expected for A1
and A2 relative to the comparative example respectively. An about 23% reduction in the friction torque can be expected
for A3 relative to the comparative example.
[0086] It should be noted that the pressure of the contact surface (surface pressure) is calculated based on the Hertz
contact theory. With regard to this, the elastic displacement amount (δ) and the radius of the contact surface (Ra) can
be described with using Figs. 9B and 9C. Fig. 9B is a side view showing a contact part between an object F having a
semi-spherical surface and a shaft G, and Fig. 9C is a top view of Fig. 9B (viewed along an arrow H of Fig. 9B). The
object F corresponds to the spherical body or the head portion of the bolt, and a curved surface protruding toward an
end of the shaft G is formed on the object F. The shaft G corresponds to the output shaft or the screw shaft. A contact
region between the object F and the shaft G is the "contact surface", and the radius of the contact surface is Ra (refer
to Fig. 9C). As mentioned above, the output shaft and the screw shaft of the present invention are brought in contact
with each other "at the point". However, as shown in Figs. 9B and 9C, surfaces of the object F and the shaft G are
brought in contact with each other in this contact part here at a minute region.

(Other Embodiments)

[0087] Embodiments of the present invention are not limited to the above embodiments. For example, a plurality of
the concave splines may be formed inside the sleeve and a plurality of the convex splines may be formed on the output
shaft and the screw shaft.
[0088] A part having the curved surface 507s on the end of the screw shaft 504 is formed integrally with the screw
shaft 504 in the third embodiment. However, the part may be formed by attaching a separate member to the screw shaft
by using an adhesive or the like. This is the same for a part including the curved surface 607s on the end of the screw
shaft 604 according to the fourth embodiment.
[0089] In the power transmission structure 701 according to the fifth embodiment, a part having the curved surface
704t on the end of the screw shaft 704 is formed integrally with the screw shaft 704 and a part having the curved surface
703s on the end of the output shaft 703 is formed integrally with the output shaft 703. However, these parts may be
formed by attaching separate members to the shafts (the screw shaft and the output shaft) by using the adhesive or the like.
[0090] The present invention is to provide a power transmission structure for a two-shaft mixer/extruder capable of
accurately measuring torque imposed on a screw shaft and a two-shaft mixer/extruder. The power transmission structure
has an output shaft, the screw shaft, a sleeve and a spherical body. The output shaft is rotated by rotational force
transmitted by a motor. The sleeve transmits the rotational force of the output shaft to the screw shaft. The spherical
body is sandwiched between the output shaft and the screw shaft. The output shaft and the screw shaft are splined to
the sleeve. A curved surface protruding toward an end of the output shaft and a curved surface protruding toward an
end of the screw shaft are formed on the spherical body.

Claims

1. A power transmission structure for a two-shaft mixer/extruder, comprising:

an output shaft rotated by rotational force transmitted from a power source;
a screw shaft attached with a screw for mixing a material;
a cylindrical sleeve for transmitting the rotational force of said output shaft to said screw shaft, said cylindrical
sleeve being attached to an outer circumference of an end of said output shaft and an outer circumference of
an end of said screw shaft; and
an intermediate member sandwiched between said output shaft and said screw shaft inside said sleeve, wherein
said output shaft and said screw shaft are splined to said sleeve,
an axis line of said output shaft and an axis line of said screw shaft are positioned on a same straight line, and
a curved surface protruding toward the end of said output shaft and a curved surface protruding toward the end
of said screw shaft are formed on said intermediate member.

2. A power transmission structure for a two-shaft mixer/extruder, comprising:

an output shaft rotated by rotational force transmitted from a power source;
a screw shaft attached with a screw for mixing a material;
a cylindrical sleeve for transmitting the rotational force of said output shaft to said screw shaft, said cylindrical
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sleeve being attached to an outer circumference of an end of said output shaft and an outer circumference of
an end of said screw shaft; and
a bolt attached to the end of one of said output shaft and said screw shaft, wherein
said output shaft and said screw shaft are splined to said sleeve,
an axis line of said output shaft, an axis line of said screw shaft and an axis line of said bolt are positioned on
a same straight line, and
a curved surface protruding toward the end of the other of said output shaft and said screw shaft is formed on
a head portion of said bolt.

3. A power transmission structure for a two-shaft mixer/extruder, comprising:

an output shaft rotated by rotational force transmitted from a power source;
a screw shaft attached with a screw for mixing a material; and
a cylindrical sleeve for transmitting the rotational force of said output shaft to said screw shaft, said cylindrical
sleeve being attached to an outer circumference of an end of said output shaft and an outer circumference of
an end of said screw shaft, wherein
said output shaft and said screw shaft are splined to said sleeve,
an axis line of said output shaft and an axis line of said screw shaft are positioned on a same straight line, and
a curved surface is formed on the end of one of said output shaft and said screw shaft, the curved surface
protruding toward the end of the other of said output shaft and said screw shaft.

4. A power transmission structure for a two-shaft mixer/extruder, comprising:

an output shaft rotated by rotational force transmitted from a power source;
a screw shaft attached with a screw for mixing a material;
a cylindrical sleeve for transmitting the rotational force of said output shaft to said screw shaft, said cylindrical
sleeve being attached to an outer circumference of an end of said output shaft and an outer circumference of
an end of said screw shaft; and
a plate shape member sandwiched between said output shaft and said screw shaft inside said sleeve, wherein
said output shaft and said screw shaft are splined to said sleeve,
an axis line of said output shaft and an axis line of said screw shaft are positioned on a same straight line, and
curved surfaces protruding toward said plate shape member are formed on the end of said output shaft and the
end of said screw shaft respectively.

5. A two-shaft mixer/extruder, comprising:

two of the power transmission structures according to any of claims 1 to 4, wherein
a strain sensor is arranged on an outer circumference of said sleeve.
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